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The Observations: On a r c h  19, 1965, 0300 vT,- seve ra l  
spectrogr- of SSars were obtained using an objec t ive  
m a t i n g  spectrograph, launched from White Sands Missile 
Range aboard Aerobee NASA 4.57 GG. 
t h  instrument was designed and manufactured by the  
IColl.morgen Corporation. 
of f/2.11, an e f f e c t i v e  focal length of 70 m i l l i m e t e r s ,  and 
can b r i e f l y  be descrlbed zs'being a modified, ik-ide-field, 
reflecting microscope objective.  
nluninized surfaces;  is non-vignetting; and has a calcium 
Tluoride correc tor  plate. The plane d i f f r a c t i o n  g ra t ing  
w e d  was 10 centimeters square w i t h  600 l i n e s  per m i l l i -  
meter. A "best f i t t i n g "  cy l indr ica l  film surface was 
natcched t o  t h e  spher ica l  foca l  surface of the spectrograph. 
%astinan Type I-O? 35 m i l l i m e t e r  rol l  fih nzs * s e e  t o  
i cves t iga t e  the spectrum of Mars, f r o m  2350 t o  about 4500 
Angstroms. Exposure t i m e s  for the  e igh t  spectrograms were 
a l t e r n a t e l y  10 and 46 seconds, w i t h  the l a s t  one being 35 
secoads. The elements of Mars a t  the  t i m e  of observation 
m r o :  t r u e  dis tance f r o m  ea r th ,  0.674 AU (Astronomical 
U n i t s ) ;  from the sun, 1.659 AU; semi-diameter, 6.95"; phase 
Zngle, 8.14O; i l luminated f rac t ion ,  0.995. The values used 
€or the d i s t r ibu t ion  of s o l a r  energy a r e  based on published 
. 
The camera used i n  
It has an e f f e c t i v e  foca l  r a t i o  
It uses spher ica l ,  
information (1-4 1 . 1 
The spectrograms w e r e  analyzed w i t h  a modified 
Joyce-Loebl mlcrodensitometer/isophotometer, using both 
t h e  standard microdensitometer and isophotometer features 
of t he  instrument to correct f o r  chromatic abberations in 
the  spectrograph and abberations introduced by using a 
cy l ind r i ca l  f i lm  surface f i t t e d  t o  a spher ica l  image surface.  
The Mars spectrogram contains t h e  spectrum of B Leo which has 
been used for an in - f l igh t  ca l ib ra t ion  of the  instrument. 
There is excellent agreement between the s t e l l a r  c a l i b r a t i o n  
of the  flight spectrograph and laboratory ca l ib ra t ion  of t h ree  
i d e n t i c a l  spectrographs. The spectrum of B Leo has axso 
0 
e I .  c 
been usod to detamine  absolute values f o r  t h e -  r e f l e c t i v i t y  
of Sars.  
f3 Leo have been based on t h e  theore t ica l  d i s t r i b u t i o n  of 
i n t e n s i t y  of an A3V, B-V - + 0.09, mv - 2.10 s t a r ,  correcting 
i o r  s p e c t r a l  absorption . The data  a re  presented 
i n  terns of geometric r e f l e c t i v i t y  (i.e. - compared t o  a 
Lanbert s c a t t e r i n g  plane surface) ,  not spher ica l  albedo, 
resolution of the  spectrograms is approximately 50 Angstroms, 
as determined-by the p r o f i l e  of the s o l a r  magnesium absorption 
features at 2800 Angstroms. 
there are no fea tures  in the  spoctrwn w h i c h  can be a t t r i b u t e d  
to chomical absorptions; thus,  the atmosphere can on$ be 
nnalyzod by i n t e rp re t ing  the general s p e c t r a l  charac&ris t ica  . 
Thc best spectrogram I s  reproguced in Figure 1. The 
values which have been derived for the s p e c t r a l  r e f l e c t i v i t y  
02 Blnrs are reproduced in Figure 2. The error l i m i t s  on 
the  derived r e f l e c t i v i t y  values appear to  be l e s s  than a 
factor of 2 (decreasing torvard the v i s i b l e )  f o r  the r e l a t i v e  
reduction, and s l i g h t l y  less for the absolute determinations 
derived by comparison to p Leo. The error limits refer to  
t h e  degree of confidence in the data reduction of the best 
spactrogran. They a r e  not quant i ta t ive ly  derived. In 
Figure 2 a r e  a l s o  reproduced tho  geometric r e f l e c t i v i t y  
valuos determined by ground based .observers, and sumar ized  
by deVaucouleurs(6) , and the  2700 Angstrom value determined 
by Bsggess and Duakelman as a result of a rocket f l i g h t  in 
1957 ( 7 )  . 
Values for the u l t r av io l e t  s p e c t r a l  i n t e n s i t y  of 
to t*&e fntebTatGd disc oi AL.. &LA- p & a A & u & .  -1-rrfi.t The 
A t  this resolution, 
‘L 
The r e l a t i v e  value curve for the  geometric r e f l e c t i v i t y  
of Ihrs (Figure 2) is normalized to  the  ground based value 
of 0.04 at 3500 Angstroms. 
and plotted independently. 
of these two methods in producing r e f l e c t i v i t y  values In 
the 2500- 3000 Angstrom range. 
. 
The absolute values w e r e  determined 
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1.00 c 0.367 
Noma1 Optical Tnickness I n t o p a t s d  Ref lec t iv i ty  
0.05 0.033 2 
Intezprotation: 
op t i ca l  depth and therefore  surface pressure'of t h e  Nartian 
sttzosphero from the observed r e f l e c t i v i t y  spectrum, t h e  
ztaospheric s ca t t e r ing  properties and surface r e f l e c t i v i t y  
of :Jars m u s t  bo consfdored. 
In order t o  derive a value for t h e  
V a l u e s  for.goometric ro f loc t fv i ty  from model atmospheres 
w i t h  Zayleigh s c a t t e r i n g  can bo derived and compared t o  
the Yartian u l t r a v i o l e t  spctrum. 
the  r e f l e c t i v i t y  values for a plane paral le l  atmosphere w i t h  
t-yleigh s c a t t e r i n g  f o r  0 . 0 ,  0.25, and 0.80 suri'ace 
rcf loct ivi ty- .  
a-lmosghero can be approxfmatod by placing a plane p a r a l l e l  
atnosphere tangoat to each point of t h e  surface,  and 
project ing onto a c i r c u l a r  disc. &cause of tho low refleci 
t i v i t y  of Ears i n  tho  3000 t o  4000 Angstrom region of the 
TsXe 1 represents the integrated gooxetric r e f l e c t i v i t y  
values from a planet  w i t h  a Raylelgh s c a t t e r i n g  atmosphere, 
zero phase angle, and zero-surface re f lec tance  for seven 
d i f f e ren t  optical  depths. 
Reference ( 8 )  contains 
The r e f l e c t i v i t y  values of a spher ica l  
"-.,*.L-,. At. CAAG 0 . 0  surface r e f i e c i i v i t y  model was chosen, 
I n  order t o  assign wavslongths t o  t h e  various op t i ca l  
thicknesses, it is necessary to  compute t h e  Rayleigh 
sca t t e r ing  propert ies  of model atEosphores. This work has 
beou done by Coulson and L o t w d g ) f o r  a model atmosphere of 
E m s  having a composition of 94% Nz, e"&, and 2% C02, with  
- 4  - 
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pressure of 85 mill ibars .  They present t h e i r  r e s u l t s  in 
terns of nornal o p t i c a l  Cepth versus a l t i t u d e  for wavelengths 
zbove 2000 Angstroms. 
d i f f e r e n t  a l t i t u d e s  it is possfble to determine the  s c a t t e r i n g  
By se l ec t ing  their r e s u l t s  for 
properties of atmospheres with surf ace pressures from 4 to 
55 mil l iba r s  for  an atmosphere consis t ing mainly of nitrogen. ,. 
At any s p e c i f i c  wavelength there is a re la t ionship  
which exists between optical depth, 7 ,  Index of re f rac t ion ,  
n ,  n u b e r  of p a r t i c l e s  par unit volume, N, : -< molecular 
wight, my and the derived surface pressure, Ps, for any 
co3bfnation of Rayleigh s c a t t e r i n g  par t ic les .  The relat ion-  
s h i p ,  reduced t o  its simplest form is 
(n-1I2 91 
Ps (C02)=?&?2) x - 4 7  c*2 = 0.68 Ps(N2), (1) 
(n-UOn %T 
Y"2 "2 
and is approximately independent of wavelength i n  the spectral 
- region being considered. The re la t ionship  between surface 
pressure, composition, and o p t i c a l  depth is presented in 
Table 2. 
Table 2 -- 
Correspondence of Wavelength and Optical  Thickness: Raylei& I 
Sca t te r ing  Atmosphere, Zero Phase Angle, Zero Surface Ref l ec t iv l ty .  
Surface Pressure (mb,  mi l l ibars )  'i, 
h'orm~l Optical co2:-3 mb 6 m b  14 m b  31 m b  58 mb hk 
9 mb 21  m b  45 inb 85 mb e\ -Thickness,  T Or Nz 4 mb 
0.02 2650A 3300A 4000A 4SUOA 5600A 
0.05' 2150 2650 3250 3900 4500 
0.10 <zoo0 2250 2750 3300 3800 
0.15 2025 2 500 2950 3450 





<2000 2200 2600 
c2000 2200 
Using t ab l e s  1 and 2, it is possible to determine values of 
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goonotric r e f l e c t i v i t y  as a function of wavelength, as 
skorm in Fi,rrure 3. The r e f l e c t i v i t y  of Mars i n  the  u l t ra -  
violet can therefore be interpreted i n  terms of sur face  . .  
pressure. 
approximately 45 meter-atmospheres (Ref. lob, c ;  11) 
This corresponds t o  a surface p a r t i a l  pressure of COB of about 
The nmount of C02 In the  atmosphere of Xars is . 
2 siifllfbars. Since this atmosphere fs t u n ,  the reiiectivity 
of the const i tuents  w i l l  be d i r e c t l y  additive.  
the reflact%vity f r o m  non-COZ sources is almost Iden t i ca l  
with tho 9 mb Na curve for geometric r e f l e c t i v i t y  below 
3800 Angstroms. 
cons t i tcen t ,  and that a l l  the  r e f l e c t i v i t y  is due to  
Therefore, 
Assuming t h a t  N2 Is t h e  major remaining 
Rayleigh s c a t t e r i n g  then the t o t a l  sur face  pressure w i l l  
calibration and data reduction I s  about f 5 mil l iba r s  for 
this t o t a l  pressure. 
There are seve ra l  factors which can influence the value 
determined f o r  surface pressure by the s c a t t e r i n g  technigW. 
Any contributing r e f l e c t i v i t y  from clouds, haze (12), or 
tho surface w i l l  lower the r e f l e c t i v i t y  a t t r i b u t e d  to  
Rayloigh sca t t e r ing ,  and thus decrease the  propoeed pressure 
velizo. 
o r  opaque r e f l e c t i n g  layer ,  the Raylelgh r e f l e c t i v i t y  would, 
represcat a pressure a t  the t o p  of t h i s  layer. 12 there were * 
absorbing components such as NzOz and NO2 i n  t he  atmosphere, 
If the "blue haze" were an absorbing layer  (13, 14) 
I 
1 I 
: t  
d i s t r ibu ted  with a l t i t u d e  which prevented u l t r a v i o l e t  , \  
radiation frcin reaching the  surface,  then the  derived pressure i > 
r *  . ' 
value would be a lower l i m i t  for t h e  surface pressure. 
that the atnosphere is transparent i n  the  u l t r av io l e t .  There Ii \ 
8 .  
The u l t r a v i o l e t  spectral p ro f i l e  supports the idea . r *  
are no detectable absorption feature8 In the 2400 t o  3SOO r 
A 
Angstrom s p e c t r a l  region, indicat ing that there are no 
- 6 -  
s ign i f f can t  amounts of u l t r av io l e t  absorbers such as ozone 
or  S202 : Nz (Ioep 15) i n  the atmosphere. This ind ica tes  
t h a t  the "blue haze" is not an absorbing conponent of t h e  
atsosphere. 
In the u l t r a v i o l e t  it is l i ke ly  t h a t  the r e f l e c t i v i t y  . 
of the sur face  m w t  be 2t least 0.01 or 0.02 s ince  na tu ra l ly  
occurr ing substances are not usually black I n  t ha t  region 
of the spoctra.  
oil reflect s ign i f i can t ly  i n  t h e  u l t r av io l e t ,  0,003 
The r e f l e c t i v i t y  of xost natura l ly  occurring mater ia ls  found 
on ea r th ,  espec ia l ly  rocks and large sca l e  landscapes 
(not necessar i ly  including vegetation) decrease from red  
to blue,  being generally lover than 0.1 by 4000 t o  4200 
r e f l e c t i v i t y  of the moon is about 0.06'19' in t h e  photo 
graphic u l t rav io le t .  
t he  u l t r av io l e t  r e f l e c t i v i t y  of the sur face  of Mars to  be 
i n  the 0.01 t o  0.02 range, Beside ind ica t ing  a low reflec- 
there is t he  sinultaneous inference tha t  t h e  cont ras t  of 
scrfnco fea tures  m i l l  be reduced, and e a s i l y  obscured by 
any r e f l e c t i v i t y  due t o  the atmosphere above the surface.  
Thus,  a na jor  port ion 02 the  fea ture less  appearance of Mars 
i n  tho  u l t r av io l e t  can be explained by a loss of r e f l e c t i v i t y  
and cont ras t  of t h e  features thensclves.  
hazes or clouds of l a rge  par t ic les .  In f a c t ,  the **blue-clearingS'* 
do fndicate the presence of such a haze 
haze would be required to  be very t h i n  and tenuous because 
ths total r e f l e c t i v i t y  of t he  planet in the 3000 t o  4000 
Angstrom region of the spsctrun is only -0.04. The amount 
02 water present i n  clouds of 0.01 t o  0.02 r e f l e c t i v i t y ,  if 
Even gold blzck and carbon suspended i n  
(16) 
Angstrons, espec ia l ly  desert regions (I7, ls). The 
It mould not be unreasonable t o  expect 
t i v i t y  f o r  Hars, using the comparison of the  ear th  and moon, a 
T h i s  does not however, preclude the presence of ac tua l  
(14# 17, 20) .  The 
I 
t h ey  are indeed water, would be w e l l  below the l i n i t  of 
dc tcc t ab i l i t y  f r o m  ear th  (lo, 21, 23). The data 2s 
therefore not incons is ten t  with water clouds. The Martian 
- 7 -  
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clouds should be e a s i l y  observable when the  surface 
r e f l e c t i v i t y  dropped to  values of 4.05 or lover. They 
should bo observed mainly in blue and u l t r a v i o l e t  photographs 
since it is i n  those s p e c t r a l  regions where the surface 
r e f l e c t i v i t y  is low. 
and cont ras t  would be further obscured by sr?ch a haze or 
cloud, even if it  has a very 10x1 r e f l e c t i v i t y .  Features 
02 high re f iec t iv i*y ,  0.10-0.20, in the blue and photographia 
ultraviolet should be observed i n  the photographs of tho 
placet,  even .Ehrough t he  t h i n  haze. The polar cap, a snow 
or  frost fea ture ,  has such a high r e f l e c t i v i t y ,  independent 
02 cavelength,  and is indeed observed i n  blue and u l t r a v i o l e t  
p3ot:opaphs . 
Surface fea tures  of low r e f l e c t i v i t y  
(14, 17, 20)  
Tho derived pressure range of 10 to  20 mil l fbars  is 
2 i . k C L y  to 5i? ZD 'rip?er l i ~ t  S~CZ*USB atiilts~beiie appears 
t o  bo r e l a t i v e l y  transparent,  as indicated by l o w  r e f l e c t i v i t y  
rnd absence of absorption fea tures  in the  u l t r a v i o l e t ,  
conbkoed with the v i s i b i l i t y  of the  polar cap i n  blue and 
u l t r a v i o l e t  photographs. A lower U n i t  cannot be d e f i n i t e l y  
ass fgmd because the exact values of r e f l e c t i v i t y  of the  
surface and the ''blue haze" zre not known. The r e f l e c t i v i t y  
of 0.04, a t  3400 Angstroms, consists nainly of r e f l e c t i o n  
2 ~ 0 2  the surface and the  haze. The haze r e f l e c t i v i t y  should 
change s l o w l y  with wavelength and the sur f  ace r e f l e c t i v i t y  
is l i k e l y  t o  decrease toward shor te r  wavelengths. A 
r e a l i s t i c  value of t h e  non-Rnyleigh r e f l e c t i v i t y  a t  2500 
Angstrom would be about 0.02. The lower l imi t  for the 
pressure values mould then be about 5 t o  15 mi l l i ba r s ,  10 
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j :  / '  summarized i n  Table 3. 
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Table 3 -- 
Atmospheric Pzirazeters of Ikrs Cctemined from the  
Cltrzvio let  Rcf lect iv i ty  
i a o u n t  ( m e t e r  atnos pho res InI->> Surface Pressure 
mil l ibars  
IT, (rtith 45n-atm. C02) 
(ref. lOb,c; 11) Y 
Pure co2 Pure Nz 
65 104 32 5 lowest l i m i t  
1'35 312 . 
13 S 10 most probable 
24-0 15 
%I.", 416 344 20 highest  l init  
~~~ ~ ~~ ~ ~ 
( 8 )  Calcula t iocs  based on t h e  R:aylcig:h scattering tables  
pi*cdPct tila: t h e  centzal ref lectance due to scattering from 
a 18 nillibar atsosphere should be zbout 0.01 and the l inb 
re2'lectcnce should be about 3.05 in the 4500-5000 Angstron 
spcc t r a l  i*egion. At shorter wavelengths the center to limb . 
contrast duo to Bayleigh scatterin: s2ould decrease while 
. 
/ -dx? Ifmb ref lect iv i ty  should s t e n d i l y  increasa to 0.10 or .. 
Q-LZ ( 4 -  -a C.lrl -L-d-------- puu buaa UyX.c ufti-nvfcLck).  T h i s  prociric-h that 
d..- Ls to loss of contrast ,  (i.e. t h e  atnospheric r e f l e c t i v i t y  
,/' 
! 
tEc polar ccip should beccne lcss d i s t i n c t  in the u l t r a v i o l e t  
cqcals or exceeds the  reflectivity of the polar cap). 
ei"2cct can cppmently be seen in pablished pbotograpbs of 
Xars 
in fcr rcd  by similar calculatiolls from the fGiyleigh s c a t t e r i n g  
tnb3.c~. 
is high i n  the red spectral regions. 
n-kosphlcrc at the l f z b  2s to scatter light from the observational 
q ~ t h  ix s t ead  of increasing tile brightness,  as tho case when 
L m r e  is lovr surface ref lect ivity.  The l i m b  should be 
s10.1ly dai.!icned, rather than be dark j u s t  a t  tho edge. 
Az~:in, t i x i s  of2ect is apparent in eke obsorvational data 
This 
. 
. In the red, a gradual l i ~ b  darkening is (17, 2 0 )  
T h i s  darkening occus because the surface r e f l e c t i v i t y  
Tho effect of the 
% + I' 
(17, 20) . 
- -9 - 
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The s c a t t e r i n g  due to  a t h i n  haze m i l l  cause s imi l a r  eziects, 








sur face  r e3 lcc t iv i ty  aod t o t a l  r e f l e c t i v i t y  of Xars is 
hizhest i n  the red region of t h e  spoctrrrm, 
sais t o  assme that the r e f l e c t i v i t y  of the polar cap is a 
constnnt,  not a function of wavelength (by comparison to  n20- 
betmcen the "light areas" and the polar cap mill be decreased 
i n  the red s p e c t r a l  region. Lhb'darkenfng in the  red will 
t e n d  elso to-reduce the  contrast .  Since the predictions 
bzscd on 2 10 to 20 d l l i b z r  surfnce pressure m d e l  for llars 
2rc borne out by observed cha rac t e r i s t i c s  f r o m  ground based 
j 









o>seivntions,  the  c r e d i b i l i t y  of the low pressures is 
inproved. Recent work by otfier ezparinenters ind ica tes  
t h a t  pzessures of 10 t o  20 mi l l i b s r s  would apply t o  the  
surfzco of Ears I". The deterninat ion of pressure 
of Bel". 11 is based on photographic inzrared spectrograms, . 
and thus  can be a t t r i b u t e d . t o  the sur face  since the atmosphere 
is transparent in t h a t  s p e c t r a l  region. 
Cor,clusion 
Tkc sgectru?llo% Llars can be divided into severa l  
regions where d i f f e ren t  effects a x  important i n  producing 
the r e f l e c t i v i t y  of the entire placet. Below 3000 Angstroms 
Enyloigh sca t t e r ing ,  large-particle s ca t t e r ing ,  and r e f l ec t ion  
f r o 3  the  surface are all important, w i t h  myle igh  s c a t t e r i n g  
besinning t o  predominate a t  shorter wzvelengths. 
3000-4030 Angstrom range, Rzyleigh sca t te r ing-  should 
contr ibute  about 0.01 t o  the t o t a l  r e z l e c t i v i t y ,  large- 
part ic le  s c a t t e r i n g  0.01-0,02, and surface r e f l e c t i v i t y  
In the 
I 
/ abot;l 0.01-0.02. Ta0 r e f l e c t l v i t y  of t he  polar cap should 
be appiioxinately constant a t  all wavelengths a t  about 0.15 
t o  0.25 (i.0. s l i g h t l y  higher than the  l i gh t  areas  i n  the  
* I  
8 ,  ' /  
I red region of the s3ectrun). The cont ras t  of surface features 
. . 
1 .  . 
should be reduced es sen t i a l ly  to zero i n  the 3000-4000 
Angstrom range, Haximum l i m b  brightening should occur a t  
4500 t o  5000 due to  myleigh sca t te r ing ,  Between 4000-5000 
'Angstrom, the increasing r e f l e c t i v i t y  of the surface should 
begin t o  predominate in determining the t o t a l  r e f l e c t i v i t y ,  
The cont ras t  df surf ace fea tures  should rapidly become 
apparent. Above 5000 Angstroms, where the r e f l e c t i v i t y  of 
the sur face  predominates, limb darkealng s5ould boccne 
apparent, All of these effects can be observed In photo- 
*, . .  
- .  
- 
graphs of the planet  N a r s .  
be s a t i s f a c t o r i l y  described without postulat ing atmospheric 
absorbers i n  the blue and u l t rav io le t .  
node1 can be used to  d e t e d n e  the u l t r av io l e t  f l u x  a t  t h e -  
suriiace of l a r s .  Assuming a t e n  times larger than possible oxygen concentration of 70 centimeter-atmospheres (lob)# the 
model i n f e r s  that the tranlrmisaion of direct solar r ad ia t ion  
t o  the sur face ,  a t  60° sol t r r 'eeni th  angle, w i l l  be about 70% 
a t  2000 Angstrom (correct lng for both sca t t e r ing  and oxygen 
absorption). Between 2000 and 3000 Angstroms, approximately 
90% 02 the direct solar rad ia t ion  should reach the surface.  
There will bs ser ious  b io logica l  effects caused by such high 
i n t e n s i t y  radiat ion.  Studies  of the germicidal effects of 
u l t r a v i o l e t  r ad ia t ion  (24~25) indicate  that a lethal exposure 
t o  the r ad ia t ion  would be accumulated Inbne o r  two days 
for almost a l l  types  of bacter ia ,  spores,  fungi,  viruses, 
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